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ABSTRACT
Objective: To describe a multimodal approach including structural MRI, functional magnetic resonance
imaging (fMRI), and intraoperative electrocorticography (ECoG) with cortical stimulation for surgical
planning of an extensive lesion involving the central area. Patient and methods: A 23-year-old right-handed
woman with intractable epilepsy and mild left hemiparesis, after preoperative investigation including EEG,
structural MRI, fMRI underwent surgery guided by ECoG and cortical stimulation. Results: fMRI showed a
displacement of the cortical representation for her left hand which was confirmed by intraoperative cortical
stimulation. Surgical resection involved the lesioned central area, particularly the anatomical precentral
gyrus, sparing the displayed hand motor area. The early post-operative follow-up showed no further deficit,
but an improvement of manual dextricity. Conclusion: This report shows the role of the multimodal
investigation in localizing accurately both the epileptogenic focus and functional areas, in patients with
epileptogenic lesions impinging eloquent cortex.
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RESUMO
Melhora de uma hemiparesia após a ressecção cirúrgica de uma lesão epileptogênica na área central
Objetivo: Descrever uma abordagem multimodal para investigar e auxiliar a ressecção de uma lesão extensa
envolvendo a área cortical central. Paciente e métodos: Uma paciente de 23 anos, destra, com  hemiparesia
esquerda leve e epilepsia refratária secundária a uma área de infarto antigo em área central. Após investiga-
ção pré-operatória, incluindo EEG, ressonância magnética (RM) estrutural e funcional (RMf), foi submeti-
da a cirurgia com eletrocorticografia intra-operatória (ECoG) com estimulação cortical. Resultados: Obser-
vamos um deslocamento da representação cortical da mão esquerda. Uma vez que o foco epileptogênico não
envolvia a área motora da mão, foi possível ressecar toda a lesão. A paciente apresentou um bom controle de
crises e uma melhora nos movimentos da mão esquerda após a cirurgia. Conclusão: Este estudo mostra a
importância da investigação multimodal na localização acurada tanto do foco epileptogênico quanto das
áreas eloqüentes no intuito de se oferecer o tratamento cirúrgico adequado.
Unitermos: cirurgia de epilepsia, ressonância magnética funcional, ressonância magnética estrutural,
eletrocorticografia, EEG.
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INTRODUCTION
Surgical treatment of epilepsy secondary to a central
lobe lesion constitutes a challenge for both neurophysio-
logists and neurosurgeons(1,2,3,4). The resection of such
lesions always raise concern about causing or worsening
an existing deficit, and the outcome clearly depends on
the precise knowledge of both anatomical and functio-
nal areas and the identification of the ictal onset zone(3).
The use of appropriate methods of investigation both
preo-peratively and intraoperatively allows us to access
the risks and the benefits from the surgical inter-
vention(4,5,6).
The advent of multimodal brain mapping opens a new
era, as it is possible to localize precisely the epileptogenic
areas, and also distinguish details of the anatomy and
function of the surrounding brain tissue. Some methods
can be used in order to assess brain activity, including
video-EEG, electrocorticography combined with electri-
cal cortical stimulation, ictal and interictal SPECT, PET
scan; and anatomy, which has been revolutionized by MR
images using different pre- and post-processing techni-
ques(7,8,9,10,11,12,13,14,15,16).
The association of multiple complementary me-
thods(8,9,11,12,13) for studying the brain’s structure and
function allowed us also to localize functionally displaced
areas as a result of cortical reorganization secondary to
insults occurring early in the brain development. The
detection of such alternative cortical representation along
with a precise identification of the ictal zone allows a safe
and unrestricted resection, augmenting the chances of
seizure control(7).
This report illustrates the role of a multimodality
approach for the surgical planning in a patient with a lesion
in the central lobe. The early post-operative results showed
in addition to improvement of seizure control, a marked
improvement of a pre-existing hemiparesis.
CASE REPORT
A 23-year-old right-handed woman, with a mild left
hemiparesis noted during the first year of life, presenting
with frequent sensorimotor seizures and drop attacks
refractory to antiepileptic drug (AED) treatment since
6 years of age. Interictal scalp EEGs showed epileptiform
activity at the right hemisphere maximum at fronto-
temporal lobe regions. She underwent video-EEG
monitoring that recorded seizures with onset maximum
over F4-C4 electrodes and frequent secondary gene-
ralization. Continuous EEG monitoring also showed
frequent interictal epileptiform activity at the right
mid-frontal region.
IMAGING PARAMETERS
Structural MRI study
MRI Image Acquisition
MRI images were acquired using a 2T scanner (Elscint
Prestige, Haifa, Israel). We acquired structural 3D high-
resolution images on sagital plan using T1-weighted
gradient-echo sequence (1.0 mm slice thickness; TR =
22 ms; TE = 9 ms; flip-angle = 35°; matrix = 256 × 220;
FOV = 230 × 250), as well as T1 and T2 weighted images
in coronal and axial planes.
fMRI study
The fMRI analysis was performed by the acquisition
of echo-planar (EPI) images, which are sensitive to the
BOLD (blood oxygenation level dependent) effect. We
used the T2 EPI gradient-echo sequence obtained from
oblique plan (6.0 mm slice thickness with no gap; TR =
2000 ms; TE = 45 ms; flip-angle = 90°; FOV 383 × 218 mm).
According to a motor task paradigm the patient was asked
to perform a sequence of left hand finger tapping
movements (20 seconds ON) alternating with epochs of
resting state (1 minute OFF) (Figure 1).
The processing of the fMRI data was performed by
using the Statistical Parametric Mapping (SPM) software
(www.fil.ion.ucl.ac.uk/spm) and followed the steps below.
Motion Correction
Since EPI images have low spatial resolution due to
the fast acquisition protocol, it is essential to maintain the
head motionless during the study in order to obtain the
BOLD signal precisely correlated to neuronal activation.
To prevent against movement artifacts, we applied the
SPM realignment algorithm to perform rigid-body ope-
rations in all image volumes.
Image Smoothing
Image smoothing is necessary to minimize large
contrasts of intensity found in neighboring voxels, in order
to improve the signal-to-noise ratio. The smoothing
Figure 1. Paradigm Function.
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process applied in this study is based on an isotropic
Gaussian kernel function with 6 mm of radius.
Statistical Analysis
We used statistical analysis (SPM T-maps) with
p < 0.001 to obtain a statistical map from the comparison
of the two groups of epochs (ON and OFF periods). This
map indicates the activated areas with a high probability
of certainty.
RESULTS
Structural MRI
The structural MRI T1-weighted images showed an
area of leukomalacia, probably secondary to ischemic
injury, in the medial central-parietal area including pre and
postcentral gyri, and also paracentral gyrus with retraction
of both corpus callosum and anterior horn of the right la-
teral ventricle (Figure 2-A). We could also detect an
associated area of subcortical gliosis (with a hyperintense
T2-weighted signal) and some areas of ulegyria.
We also performed a curvilinear 3D reconstruction
using the software Brainsight™ (Rogue Research Inc.,
Montreal, Canada) that showed a more accurate view of
the lesion’s extension, helping to plan the surgery (Fi-
gure 2-B).
fMRI Results
Figure 3A exhibits the agreement between the
paradigm time series (continuous curve) and the experi-
mental BOLD signal (dotted curve) at the most activated
voxel, whose localization is indicated in Figure 3B.
Figure 2. Structural MRI findings.
(A) Multiplanar reconstruction (B) 3D reconstruction
By applying the motor task paradigm described above,
it was possible to map the subject’s motor cortex and detect
that her primary cortical representation for the left hand
was displaced from the expected usual anatomical area
(motor strip) to an area located at the posterior border of
the lesion (Figure 3C).
Electrophysiological studies
Electrocorticography
The ECoG was obtained with a 14 channels EEG
recorder with subdural grid electrodes and bipolar
montages (Figure 4A). The epileptiform activity was found
anteriorly to the infarcted area, at the posterior portion of
the left frontal lobe.
Electrical cortical stimulation mapping
The ECS was performed with a MICROMAR™
stimulator, calibrated with 2.6 mA, 40 Hz, pulse time 2.6s,
and duration of 3.0s, using a pair of adjacent electrodes
(bipolar ECS). We stimulated the borders of the lesion
without response. We observed movements of left-hand
and arm when the cortex situated posteriorly to the lesion
was stimulated. These findings confirmed the results
obtained from the fMRI study that had predicted a shifted
location for the motor representation (Figure 4B).
Surgical procedure
The whole infarcted area was resected, including
all the gliotic borders and surrounding tissue guided by
the intraoperative cortical stimulation and ECoG (Fi-
gure 5).
Improvement of a pre-existing hemiparesis ...
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Figure 3. fMRI findings.
(A) Fitted and adjusted responses – BOLD shaped signal
(B) Glass brain with statistically significant voxels
(C) 3D rendering with fMRI overlay
Figure 4. Intraoperative cortical mapping
(A) Electrocorticography
(B) Electrical cortical stimulation - the bipolar electrode indicates
the area where stimulation produced hand movements
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DISCUSSION
It has been always a challenge to decide about surgery
at extratemporal sites, mainly in the vicinity of eloquent
areas(3,6), due to the risks of creating or worsening previous
neurologic deficits(3). In this case we had a patient with
mild left hemiparesis due to an extensive lesion involving
the right central area.
After performing an fMRI study in which a motor
paradigm was applied, it was possible to establish that the
cortical representation of the left hand was not situated
where the normal anatomic landmarks would predict, but
instead, was posteriorly displaced. This was confirmed by
intra-operative cortical stimulation. In addition, electro-
cortigragphy (EcoG)(18,19) showed epileptiform activity
located anteriorly to the displayed hand area. The
mechanisms underlying this displacement of eloquent
cortex are most likely related to neural plasticity, since the
vascular injury occurred early in the brain development.
Besides, there was probably also the influence of a chronic
epileptiform activity suppressing the normal function in
this area, with the neighboring regions assuming its
function(8). Another possible mechanism involved with
this finding is related to the existence of multiple
redundant circuits for the same motor function that exist
within motor cortex(8,20,21,22,23). Combining these findings
we could perform a resection of the lesion and its gliotic
borders, without worsening the previous hemiparesis and
with significant improvement of seizure frequency (Engel
IIA)(24). In fact, after the surgery there was an
improvement of her left hand fine movements, with better
performance of manual tasks. She was able to perform new
movements that she could not accomplish before surgery.
The fMRI study is an indirect method that indicates
the cortical regions involved with the performance of a
specific task(5,7,8), such that with a proper motor paradigm
we may observe the distinction between lesion and motor
cortex. Thus, the 3D reconstruction along with the
superimposed fMRI findings allows surgical planning with
more precise localization of the lesion and the eloquent
cortex. Intraoperative cortical mapping including electrical
cortical stimulation and electrocorticography was
necessary in this case, since none of the other methods
offer a precise map of anatomy or function of the targeted
area at the moment(2,3,17,18). However, with continuing
improvement and validation of the technique, functional
imaging is progressively becoming a reliable and robust
non-invasive method for investigation of eloquent cortex
in surgical planning for epilepsy surgery.
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